Breast cancer is the second leading cause of cancer death in women after lung cancer and has the highest incidence rates in women after non-melanoma skin cancer. According to the World Health Organization (WHO) reports, each year over 1.3 million women are diagnosed with breast cancer, and approximately 0.5 million women die of this disease.[@ref1] Epidemiological studies show that the incidence of breast cancer is increasing in developing countries. Iran is not exempt from this issue, the breast cancer is the cause of 21.4% of all malignancies and also is the most common cancer in Iranian women.[@ref2],[@ref3] The incidence of breast cancer increases with age and age-specific incidence rates increases sharply from one in every 230 women between the ages of 30 and 40 to one in 30 between the ages of 60 and 70.[@ref4],[@ref5] The most common histologic type of invasive breast cancer by far is the invasive (infiltrating) ductal carcinoma (IDC). It comprises approximately 80% of all cases. Invasive lobular carcinoma (ILC) is the second major type (5-10% of all cases) of breast cancer. Finally, medullary carcinoma, already mentioned as a rare subtype of IDC (1%) with a better prognosis.[@ref6] Clinical and histological assessment of breast cancer patients for treatment of disease is largely based on clinical and pathologic criteria, including tumor stage, lymph node involvement, histological grade and evaluation of estrogen receptor (ER), progesteron receptor (PR), human epidermal growth factor receptor 2 (HER2)/neu, and Ki67 protein expression by immunohistochemistry (IHC) techniques.[@ref7] The x-ray repair cross-complementing group 1 (XRCC1) has an important role in the base excision repair (BER) of single-strand DNA breaks caused by endogenous oxidative species and exogenous carcinogens.[@ref8] The XRCC1 gene contains 17 exons and is located on chromosome 19q13.2. This gene encodes a 70-kDa protein consisting of 633 amino acids. Base-excision DNA repair plays an important role in the protection of the genome against chemical carcinogens and ionizing radiations.[@ref9],[@ref10] These agents induce mutations in DNA and promote malignancies such as leukemia, thyroid, lung, colon, and breast cancers. Altered DNA repair capacity due to gene mutations, or nucleotide substitutions can result in increased susceptibility to these cancers.[@ref11],[@ref12] X-ray repair cross-complementing group 1 has been shown to have a large number of single-nucleotide polymorphisms (SNPs), several of which are being increasingly studied in cancer epidemiology investigations, in part because of their relative high frequency in the population.[@ref13] Among them, Arg194Trp (rs1799782) has been shown to change the neoconservative amino acid, and thus result in alteration of DNA repair capacity.[@ref14] The Arg194Trp polymorphism is located in the nuclear antigen-binding region. This linker region separates the Amino terminus (NH2)-terminal domain from the central BRCT1 (BRCA1 C-terminus) domain and interacts with several proteins. Amino acid substitution due to genetic changes might affect its binding efficiency. Arg194Trp SNP, changes the ability of XRCC1 to interact with the other BER enzymes and consequently alter DNA repair capability.[@ref9],[@ref10],[@ref13] The Trp194 variant has been associated with increased BER capacity, whereas the Arg194 allele has been related to significantly higher values of chromosomal breaks. Taken together a protective effect of the 194Trp allele may be suggested.[@ref15]-[@ref17] Several studies have been conducted to evaluate the possible effect of XRCC1 SNPs on breast cancer in different population; however, controversial results have been reported.[@ref18],[@ref19] Moreover, there is a paucity of information on the association between XRCC1 polymorphisms and histological features in breast cancer patients. Therefore, the present study attempts to analyze the association of the Arg194Trp XRCC1 polymorphisms with breast cancer in a Kurdish population. Furthermore, the possible contribution of Arg194Trp XRCC1 polymorphism on ER, PR, Her2/neu, and Ki67 proteins expression were studied in cancerous patients.

Methods {#sec1-2}
=======

In this cross-sectional study, all subjects who were admitted to Tohid Hospital, Sanandaj, Kurdistan, Iran, between January 2012 and May 2015 were examined for breast cancer and 100 women were diagnosed as cancerous patients by histopathology of the breast tissue. A total of 200 women with normal mammography result were enrolled in the study as a control group. All patients and control individuals were from Kurdistan, a province in western Iran with a population that is the Kurds. Written informed consent for participation was obtained and the project was approved by the Research Ethics Committee of Kurdistan University of Medical Sciences, Iran. Patients with a history of other organ cancers were excluded from the study. All tumors were graded using the criteria of Scarf Bloom Richardson[@ref20] and the clinical staging of patients was evaluated according to TNM staging system for breast cancer.[@ref21] Data on morphologic characteristics, grade, and stage of the tumor and adjuvant treatment were obtained from the medical records. The median follow-up was 24 months (range, 6-48 months). The chemotherapy treatment consisted of anthracyclines (doxorubicin and cyclophosphamide) and Paclitaxol.

Tissue preparation {#sec2-1}
------------------

Tissues were fixed in 10% paraformaldehyde, processed routinely and embedded in paraffin. Sections (2 µm) were mounted on super frost slides. Hematoxylin and eosin staining was used for histological evaluation under light microscope. Sequential sections were used for ER, PR, Ki67 and Her2/neu staining.

Immunohistochemistry {#sec2-2}
--------------------

The immunostains were performed on an automated stainer (XT; Ventana Systems, Phoenix, AZ, Arizona). The primary antibody incubation time for all assays was 32 minutes after antigen retrieval in Tris based buffer (60 minutes at 95-100°C). The protein expression assessment was performed by scoring based on the percentage of stained cells and the intensity of nuclear stain, according to the method described previously.[@ref22]-[@ref24]

Deoxyribonucleic acid extraction.[@ref25] {#sec2-3}
-----------------------------------------

Whole blood was collected in ethylenediaminetetraacetic acid (EDTA) for DNA analyses. Genomic DNA was extracted from whole blood using DNA extraction kit (DNPTM, CinnaGen Inc, Tehran, Iran) according to the manufacturer's instructions. Blood samples were incubated with lysis buffer, and then DNA selectively precipitated. The insoluble DNA has washed and desalted by wash buffer and it was stored at -20°C pending simultaneous analysis.

Polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) analysis.[@ref26],[@ref27] {#sec2-4}
--------------------------------------------------------------------------------------------------------

The Arg194Trp (C27157T) XRCC1 SNP was identified using PCR restriction fragment length polymorphism. The PCR reaction was performed in a final volume of 25 µL using PCR Master mix kit (CinnaGen Inc, Tehran, Iran), 10 pmol of each primer with final concentration of 400 nM, and 100 ng DNA. Two primers were used to amplify a fragment of 491bp of exon 6-XRCC1 gene. The XRCC1-Exon 6 forward primer was 5¢-GCCCCGTCCCAGGTA-3¢, and XRCC1-Exon 6 reverse primer was 5¢-AGTGAAAGGGTCTTGGGGCT-3¢. The PCR conditions was: 5 min at 95°C (initial denaturation), followed by 45 cycles of 95°C for 45 seconds (denaturation), 58°C for 45 seconds (annealing) and 72°C for 45s using an Eppendorf Mastercycler (Eppendorf AG, Hamburg, Germany). In each PCR run, samples with no DNA template were used as negative controls. Amplified DNA fragments (491 bp) were cut by restriction enzyme HpaII (Jena Bioscience, Germany) for 30 min at 37°C. The genotypes were identified by electrophoresis of DNA fragments generated after digestion (2 bands: 198 and 293 bp for Arg/Arg genotype (27157 CC), one band: 491 bp for Trp/Trp genotype (27157 TT) and three bands: 491bp, 198 bp and 293 bp for heterozygous (27157 CT) genotype).

Statistical analysis {#sec2-5}
--------------------

Data was analyzed by SAS 9.2 and one-sample Kolmogorov-Smirnov test was applied to determine normal distribution of data. Results were presented as Mean±SD and independent samples T-test used to compare mean differences. One-way analysis of variance followed by Post Hoc, Tukey, and Dunnett tests was used to analyze differences between groups and the *p*-value \<0.05 was considered as significant. For variables with abnormal distribution equivalent non-parametric tests, Kruskal-Wallis and Chi-Square were performed.

Results {#sec1-3}
=======

Clinical characteristics of patients with invasive breast cancer are shown in **[Table 1](#T1){ref-type="table"}**. Eighty-eight patients had IDC and 12 had ILC. Histological grading was evaluated for all patients. Of 100 breast cancer patients, 12 cases were low grade, 60 cases were intermediate grade and 28 cases were high grade. Modalities of treatment were surgery (60 patients), chemotherapy regimen (88 patients), and radiotherapy (59 patients), as needed.

###### 

Clinical outcomes of breast cancer patients.
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A total of 100 women with breast cancer (age: 47.13±8.4 years) and 200 healthy subjects (age: 46.8±7.3 years) evaluated for Arg194Trp XRCC1 gene polymorphism. **[Figure 1](#F1){ref-type="fig"}** shows the results of XRCC1 Arg194Trp SNP genotyping in studied groups. Moreover, according to our study, Trp allele of XRCC1 Arg194Trp polymorphism was associated with the IDC (*p*\<0.05). Furthermore, there was a significant correlation between Trp allele of XRCC1 Arg194Trp polymorphism and clinical staging of breast cancer patients (*p*\<0.05) (**[Table 2](#T2){ref-type="table"}**).

![Prevalence of Arg194Trp x-ray repair cross-complementing group 1 (XRCC1) genotypes in studied subjects. The prevalence of Arg194Trp XRCC1 gene polymorphism was statistically significant (p\<0.05), \*between the Trp/Trp (TT genotype) in patients and controls, \*\*between Arg/Arg (CC genotype) in patients and controls, \*\*\*between Trp/Trp (TT genotype) and Arg/Arg (CC genotype) in patients, \*\*\*\*between Trp/Trp (TT genotype) and Arg/Arg (CC genotype) in controls](SaudiMedJ-37-624-g002){#F1}

###### 

Correlation of Arg194 x-ray repair cross-complementing group 1 (XRCC1) genotype with stage and type of breast cancer.
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Genotype distribution for controls (*p*=0.23), but not for patients (*p*\<0.0001) were in agreement with the Hardy-Weinberg equilibrium. The Trp/Trp genotype was detected more frequently in breast cancer patients than in controls and the difference was significant (62% versus 2%, *p*\<0.05). The rate of Trp and Arg alleles of XRCC1 gene in the patients and control groups were 63 and 35 % for Trp allele, and 37 and 65 % for Arg allele, respectively (**[Table 3](#T3){ref-type="table"}**). Furthermore, the most frequent genotype of Arg194Trp SNP of XRCC1 gene in patients was the Trp/Trp (55%) followed by Arg/Arg (29%), and Arg/Trp (16 %), while the frequencies of these genotypes in healthy subjects were 15% for Trp/Trp, 45% for Arg/Arg, and 40% for Arg/Trp. The Trp allele of Arg194Trp XRCC1 gene was associated with breast cancer risk (odds ratio \[OR\]: 3.1622, 95% confident intervals: 1.7747-5.6344, Z statistic: 3.9006, *p*=0.0001).

###### 

X-ray repair cross-complementing group 1 alleles frequency in studied groups.
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In the second part of our study, we assessed the correlation between ER, PR, Her2/neu and Ki67 protein expression and the XRCC1 Arg194Trp genotypes. In regards to Trp allele of XRCC1 Arg194Trp genotypes, the calculated OR for ER protein expression was 1.0962 and PR was 1.7308. The corresponding OR for Ki67 was 2.3524 and Her2/neu was 1.0833. According to the results, Trp genotype of codon 194 of XRCC1 gene has statistically significant association with Ki67 protein expression in breast tumors. However, our results showed that there is not any significant difference between XRCC1 Arg194Trp polymorphism and ER, PR and Her2/neu proteins expression (**[Table 4](#T4){ref-type="table"}**).

###### 

Association of Trp genotype of Arg194Trp SNP of x-ray repair cross-complementing group 1 (XRCC1)with protein expression in breast tumors.
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Discussion {#sec1-4}
==========

In the present study, for the first time we determined the association of XRCC1 Arg194Trp polymorphism and risk of breast cancer and with clinical outcomes of breast cancer in a Kurdish population. There are too many studies, which have been conducted in regards to the role of Arg194Trp of XRCC1 gene polymorphism and the risk of breast cancer.[@ref28],[@ref29] In line with previous studies,[@ref30],[@ref31] our results demonstrated the potential role of Trp variant of codon 194 XRCC1 gene as a potential risk factor of breast cancer. There are some studies in regards to Arg194 XRCC1 role in breast cancer. For example, in a Polish population Trp194 XRCC1 allele has associated with breast cancer.[@ref32] In addition, Smith et al,[@ref33] reported a weak association of the Trp194 allele with a risk of breast cancer occurrence in white women. Furthermore, some studies did not find any correlation between polymorphism of codon 194 XRCC1 and risk of breast cancer.[@ref34] Taking together, these findings reveal that there is not an overall agreement to the effect of Arg194Trp XRCC1 polymorphism on breast cancer. It has been found that the distribution of Arg194Trp polymorphism is significantly influenced by ethnicity.[@ref13] The frequency of the Trp allele of XRCC1 Arg194Trp was higher in Asian populations than in African and Caucasian populations. African and Caucasian populations showed higher Arg allele frequencies.[@ref13] In our study, the frequency of Trp allele was higher in patients group, this genotype had a great correlation with risk of breast cancer.

Codon 194 XRCC1 was located on the highly conserved region. This region is a protein interacting domain and has an important role in base excision DNA repair mechanism. Therefore, amino acid substitution in this region could greatly alter the XRCC1 capability to interact with other DNA repair protein components of BER complex.[@ref32] However, laboratory experiments have failed to reach an agreement on the functional effects of the Arg194Trp polymorphism. Previous studies[@ref35] which have been conducted by the mutagen sensitivity assay suggest that individuals with the Trp194 allele exhibited a significantly higher frequency of chromatid exchanges than did those with the Arg194 allele. It has been showed that patients with the Arg194Arg genotype have less tolerance to genotoxic agents, such as lymphocyte exposure to bleomycin and benzo \[a\] pyrene-diol-epoxide, than patients with the194Trp.[@ref14] Furthermore, it has been observed that patients with the Arg194Arg genotype exhibited significantly higher levels of chromosomal breaks than those with the Trp194 allele.[@ref36] Our results showed no statistical association between the Arg194Trp XRCC1 gene polymorphism and ER, PR or Her2/neu proteins expression in breast tumor tissues. However, our data suggested a potential association between Trp194 variant XRCC1 gene and Ki67 protein expression. Dufloth et al[@ref37] evaluated the association between the XRCC1, XPD, XRCC3, and RAD51 gene polymorphisms and ER, or PR expression. However, similar to our results, they could not find any significant association. The Ki67 protein is a cellular marker of cell proliferation and currently included in panel test of histological evaluation of breast cancer.[@ref38] The direct correlation between the mutation of cell cycle regulatory genes, such as P53, and Ki67 protein expression[@ref39] and the association of XRCC1 polymorphism with P53 gene mutations[@ref40] have been separately studied. In the present study, we show the direct relationship between Trp allele of codon 194 XRCC1 and Ki67 protein expression in breast tumor tissues. Although we did not evaluate the P53 in this study, but it has been proved that gene mutations of P53 potentially diminish the tumor inhibitory effect of P53 protein and Arg194Trp polymorphism of XRCC1 increase the mutations of P53 gene. The P53 mutations result in higher cell proliferation and increasing Ki67 protein expression in tumor tissues. Finally, our results show that there is an association between the stage and type of breast cancer and Arg194Trp XRCC1 genotypes.

Study limitation {#sec2-6}
----------------

We did not study the other important SNPs in XRCC1 gene. Hence, future studies with different population for evaluating the relationship between other XRCC1 gene polymorphisms and breast cancer are suggested.

In conclusion, we show the high frequency of Trp194 allele of XRCC1 gene in Kurdish patients with breast cancer and Trp194 allele of XRCC1 could be proposed as a potential risk factor in Kurdish patients with breast cancer. Moreover, despite no correlation between Trp194 allele with ER, PR and Her2/neu, it has a direct association with Ki67 protein expression in breast cancer tissues. Further studies with greater population should be carried out to ascertain the relation between XRCC1 genetic polymorphisms, and Ki67 protein.
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